We have performed the observation of the"Galactic Center Mini-spiral(GCMS)" in H42α recombination line as a part of the first large-scale mosaic observation in the Sagittarius A complex using Atacama Millimeter/sub-millimeter Array (ALMA). We revealed the kinematics of the ionized gas streamers of the GCMS. We found that the ionized gas streamers of the Northern Arm(NA) and Eastern Arm(EA) in their outer regions somewhat deviate from the Keplerian orbits which were derived previously from the trajectories in the inner regions. In addition, we found that the streamer corresponding to the Bar of the GCMS has a Keplerian orbit with an eccentricity of e ∼ 0.8, which is independent from the Keplerian orbits of the other streamers of the GCMS. We estimated the LTE electron temperature and electron density in the ionized gas streamers. We confirmed the previously claimed tendency that the electron temperatures increase toward Sgr A * . We found that the electron density in the NA and EA also increases with approaching Sgr A* without the lateral expansion of the gas streamers. This suggests that there is some external pressure around the GCMS. The ambient ionized gas may cause the confinement and/or the perturbation for the orbits.
ALMA view of the "Galactic Center Mini-spiral (GCMS)" at 100 GHz (Tsuboi et al. 2016 ). This is a finding chart of the substructures of the GCMS. The correction for primary beam attenuation is applied in the figure. Figure 1 shows an ALMA view of the GCMS at 100 GHz (Tsuboi et al. 2016 ) for a finding chart of the substructures of the GCMS. The continuum emission in the figure is expected to be mainly originated from the ionized gas through f-f emission mechanism except for Sgr A * itself. In this paper we use the traditional nomenclature of the substructures, which has been used since 1980 (features with white labels ). Because the features with red labels have no customarily-called names they are newly named in the following section: Northeastern Arm and Horizontal Arm. The angular resolution is 1.9 × 1.3 (P A = 84 • ) using"Briggs weighting (R=0.5)", which is shown on the lower-left corner of each panel as a red filled oval. The contours in the figure show the continuum emission of the "Galactic Center Mini-spiral" at 100 GHz for comparison (Tsuboi et al. 2016) . "A", "B","C", and "D" in the figure indicate the Northern Arm, the Bar, the Eastern Arm, and the Western Arc, respectively. Figure 1 ). Although the resultant angular resolution using "natural weighting" in figure 2, 2.5 × 1.9 , is not so high compared to those of previous observations; e.g. 1.3 × 1.3 for H92α recombination line in Zhao et al. (2009) , 1.9 × 1.5
for H30α recombination line in , the sensitivity for a 20 km s −1 channel is as small as ∼ 0.7 mJy beam −1 , which is improved several times than the previous values; e.g. ∼ 6 mJy beam −1 for H92α recombination line calculated from Zhao et al. (2009) , ∼ 9 mJy beam −1 for H30α recombination line calculated from . The resolve-out scale of our maps is as large as 82 because of ample very short baselines by the ACA. The high sensitivity and large resolve-out scale improve the imaging fidelity. The ionized gas components corresponding to the substructures of the GCMS are found in the velocity range from V LSR = −400 km s −1 to V LSR = +340 km s −1 .
In addition, there are faint components around the east edge of the panels of V LSR = −200 to −180 km s −1 and ∼ 30 southeast of Sgr A * in the panel of V LSR = −220 km s −1 . These emissions are probably contaminations of the 29 SiO v = 0 J = 1 − 0 emission line (85.759188 GHz) because they have no continuum counterparts while the counterparts in the CS and SiO emission lines are prominent (Tsuboi et al. 2017) . On the other hand, the He42α recombination line (85.7233 GHz)
is not detected in the channel maps. The non-detection shows that the number ratio of He + to H + is less than
0.1. Figure 3 shows the enlarged channel maps of the vicinity of Sgr A * in the H42α recombination line (pseudo color) to clarify the kinematics of the innermost part of the ionized gas streamers. The angular resolution is 1.9 × 1.3 , P A = 84
• using "briggs weighting (R=0.5)". The sensitivity is ∼ 0. A * . Figure 4 shows the position-velocity diagrams along the substructures of the GCMS in the H42α recombination line. The integration area is shown as a rectangle in each guide map (contours). The angular offset is measured along the long side. The velocity bin width of each panel is 10 km s −1 .
the Northern Arm
The Northern Arm (NA) is the most prominent continuum substructure of the GCMS (see Figure   1 ). The ionized gas streamer corresponding to the NA is detected in the channel maps with the velocity range from V LSR ∼ −300 km s −1 to V LSR ∼ +160 km s −1 (see Figures 2 and 4a ). The most negative velocity component of the NA is seen in the channel maps with the velocity range of V LSR ∼ −300 to −220 km s −1 (see "A" in Figure 3 and a local peak in Figure 4a ). This component is located around α ∼ 17 h 45 m 39.8 s , δ ∼ −29
• 00 32 and appears to be associated with IRS 2L. The component has been identified in previous observations (e.g. Zhao et al. 2009 . In the velocity range of V LSR ∼ −300 to −180 km s −1 , the intensity peak position of the component shifts to southeast according as the velocity goes to positive. Then the peak position with V LSR ∼ −180 to +160 km s −1
shifts to north along the NA with increasing velocity. The ionized gas streamer is clearly identified as a curved ridge in the position-velocity diagrams along the NA (Figure 4a ), which is connecting the north end with V LSR ∼ +100 km s −1 and the southwest end with V LSR ∼ −300 km s −1 . The ionized gas streamer is also identified as a slightly curved ridge with a large velocity gradient in the position-velocity diagram along the Bar (Figure 4b ). In addition, an extended component with the velocity range from V LSR ∼ +40 km s −1 to V LSR ∼ +140 km s −1 is also seen in the whole of the NA (see figure 2 ).
There are some components apparently connecting with the NA in the channel maps. The HA is also identified as a component with a velocity width of ∆V 100 km s −1 at ∼ 20 angular offset in Figure 4a . The component has been identified in previous observations (e.g. Zhao et al. 2009 .
the Bar
The ionized gas streamers seen toward the Bar have two distinct velocity structures, which are shown in the position-velocity diagram along the Bar (see Figure 4b ). The first one has an elongated S-shaped structure (curved broken line) in the position-velocity diagram, which has large velocity width features at the both velocity ends. This structure is also seen as an inclined linear feature in the position-velocity diagram along the NA (see Figure 4a ). The second one has a curved ridge with a large velocity gradient, which is prominent around the angular offset of ∼ 0 from Sgr A * in the velocity range of V LSR ∼ −300 to 60 km s 
the Eastern Arm
The EA is also a conspicuous continuum substructure of the GCMS (see Figure 1 ). The ionized gas streamer corresponding to the EA has complicated velocity structures. The negative velocity end of the streamer appears as an elongated component apparently connecting to the Bar in the panel Another ionized gas streamer is seen 7 north of the EA (see Figure 1 ) and is called "Northeastern Arm (NEA)" hereafter. The NEA is also identified in the panels of V LSR = 60 to 160 km s The southwest end corresponds to the group of half-shell like sources found by JVLA at 34 GHz (Yusef-Zadeh et al. 2015) , which is discussed in section 4. The ionized gas should not be bounded by self gravity in the GCMS as well as in the HII regions of the Galactic disk. When the ionized gas in the GCMS moves along its Keplerian orbit, the ionized gas can expands up to D ∼ 1 pc within one orbital period, which is comparable to the semi-major axis of the orbit of ∼ 1 pc, because the typical thermal velocity and typical orbital period are ∼ 10 km s −1 and ∼ 10 4 yr, respectively. This corresponds to the angular diameter of D ∼ 20 . However, the observed morphology of the ionized gas appears the trajectory of the orbit at least within the scope of this observation. Although the width of the ionized gas is wider than that of the dust ridge in the GCMS (Tsuboi et al. 2017) , there would be no sign of such rapid expansion on the ionized gas streamers (see Figure 1 and Figure 2 ). Some external pressure is necessary in order to prevent the expansion of the ionized gas. The electron density of ambient ionized gas can be estimated from the observations by single-dish radio telescopes which detected the extended emission (e.g Mezger & Wink 1986; Tsuboi et al. 1988) . The electron temperature is assumed to be T e = 1 × 10 4 K here because it has been reported to be T e ∼ 5 − 13 × 10 3 K in the region (Mezger & Wink 1986 ).
the Western Arc
The ambiguity of the electron temperature makes the error of at most ±10 % in the electron density because the electron density has a small dependence to the electron temperature (see equation 2).
The averaged ambient electron density within 0.5 pc is derived to be n e ∼ 2 × 10 3 cm −3 from the continuum flux density at 91 GHz subtracting the GCMS and Sgr A * (S ν,amb = 3.8 Jy beam −1 (20"), see equation 1, Tsuboi et al. 1988) . The electron density of the NA by our ALMA observation, n e ∼ 7 − 13 × 10 3 cm −3 (see Table 1 ), is at most several times denser than the ambient electron density. The small contrast between these densities suggests that the ambient ionized gas plays some role in the confinement of the ionized gas streamers. Moreover, the ambient electron density should increase in proportion to r −0.5 in the case of Bondi accretion, here r is the distance from Sgr A * . The degree of the confinement will increase with approaching the periastron.
On the other hand, such ambient ionized gas may also affect somewhat the Keplerian orbital motion by Ram pressure because the orbital velocity is as large as v ∼ 100 km s −1 . Here we estimate the ram pressure of a gas globe with the radius of R ∼ 0.1 pc at the distance of r ∼ 0.5 pc from Sgr A * , and compare this with the gravity by Sgr A * . The perturbation by ram pressure is estimated to
On the other hand, the gravity by Sgr A * is estimated to be f g = GM r 2 n e (GCMS)m p × 4 3 πR 3 ∼ 4 × 10 30 g cm s −2 assuming that the density is n e (GCMS) ∼ 1 × 10 4 cm −3 . The deceleration effect on the Keplerian orbital velocity is a few % of the gravity at the distance. If this is the case, the deceleration effect would increase with approaching the periastron, and the semi-major axis by fitting to the inner part of the trajectory would be smaller than that by fitting to the outer part. figure 12 , the kinematic characteristics seen in the figure are reproduced only in the case of P A ∼ 0 • . Because the ionized gas streamer cannot be confined simply to a single orbit by the perturbation mentioned in the previous subsection, and the gas distribution is not homogeneous, it is not easy to derive the orbital parameters accurately from the characteristics of the streamer on the position-velocity diagram. However, the orbit probably has a high eccentricity.
The curves with e = 0.8 seems to well reproduce the observed position-velocity curve of the Bar. south-southwest of Sgr A * . The IR counterpart of the faint component has been identified in SINFONI observations (Steiner et al. 2013) . Note that another faint component seen at the position of Sgr A* is probably a residual in the continuum subtraction process by CASA.
Assuming a circular Keplerian orbit around Sgr A * , the orbital velocity is estimated to be V orbit = GM r sin i. Because the observed radial velocity is consistent with the orbital velocity estimated for a circular Keplerian orbit with i ∼ 90
• , V orbit ∼ 395 km s −1 , the physical distance from the GCBH of the component should be close to the projected distance. The entire orbit is located within the Bondi accretion radius. On the other hand the observed radial velocity is also consistent with a free fall velocity (∼ 550 sin i km s −1 ) from r = 3 pc, i.e., the outer end of the GCMS, to the observed position with i ∼ 45
• . This component might be an inner tip of a streamer approaching to the GCBH. This will be instantly disrupted by strong tidal shear of the GCBH and a part of the fragments will begin free-fall to it (e.g. Saitoh et al. 2014 ). Figure 9a shows the comparison between the position-velocity diagrams of the WA in the H42α recombination line and the CND in the CS J − 2 − 1 emission line (contours, Tsuboi et al. 2017 ).
Relation between the Western Arc and the Circum-Nuclear Disk
There is a molecular gas component with V LSR = −100 to 0 km s −1 of the Circumnuclear Disk (CND) which is along the outer boundary of the WA (see Figure 9b) et al. 2012) . Thus, it is plausible that the ionized gas component is physically associated with the molecular gas component with negative velocity. Moreover, the overall motion of the ionized and molecular gas is nearly circular rotation around Sgr A * with a velocity of ∼ 100 km s −1 .
Meanwhile there is another molecular gas component of the CND in the velocity range from V LSR = 60 to 110 km s −1 (see Figure 9a ). show the continuum emission of the GCMS at 100 GHz for comparison (Tsuboi et al. 2016) .
rotating torus-like molecular gas around Sgr A * (e.g. Güsten et al. 1987) . However, the existence of the components being out of the rotation law indicates that the CND has more complicated structures. The relation between the ionized gas and molecular gas components will be discussed in detail with ALMA molecular line data in another paper.
4.5. Electron Temperature and Electron Density in the Galactic Center Mini-spiral 4.5.1. Electron Temperature Figure 10 shows the integrated intensity map of the H42α recombination line. The velocity range is from V LSR = −400 to +320 km s −1 . The contours in the figure show the continuum flux density at 100
GHz for comparison (Tsuboi et al. 2016) . The LTE electron temperature, T * e , in the sub-structures of the GCMS is estimated from the line-continuum flux density ratio shown in figure 10, S line /S cont , and the observed FWHM velocity width, ∆V FWHM , assuming that the line and continuum emissions are optically thin. The well-known formula of the LTE electron temperature is given by
ν GHz
The correction factor, a(ν, T * e ), for ν = 86 GHz and T * e = 4×10 3 −1.5×10 4 K is 0.822−0.942 (Mezger & Henderson 1967) . We assume that the number ratio of He
= 0.09, a typical value for the Orion A HII region (e.g. Rubin et al. 1998) . This is consistent with the non-detection of the He42α recombination line mentioned in section 2. The LTE electron temperature is obtained by iteratively solving the formula for T * e .
As shown in Figure 2 and Figure 3 , there are multi-velocity components on the line-of-sight at many positions of the GCMS, and thus it is difficult to derive the electron temperature at such positions. We select the positions where one velocity component is stronger than the other ones by a factor of 4 or more except for the connecting points among the ionized gas streamers. The derived electron temperatures are also shown in figure 9 (numbers in yellow). These electron temperatures are consistent with typical values in the HII regions in the Galaxy. The typical uncertainty is estimated to be as large as 15% of the derived value. These electron temperatures are summarized in Table 1 .
The electron temperatures estimated in the NA are in the range of T * e = (6.4 − 14.0) × 10 3 K.
The electron temperature of the component at α = 17 h 45 m 39.8 s δ = −29
• 00 33.4 reaches to the maximum value of T * e = (14.0 ± 2.1) × 10 3 K. The electron temperature in the NA probably increases as approaching Sgr A * . The tendency is consistent with that estimated from previous VLA and SMA observations . Because the ionization is originated by UV emission from the Central Cluster around Sgr A * , the tendency of the electron temperature may be caused by approaching Sgr A * along the Keplerian orbit (Zhao et al. 2009 ). On the other hand, the electron temperatures estimated in the EA are lower than those in the NA. They are in the range of T * e = (5.3 − 6.0) × 10 3 K. Although they are fairly monotonous, the highest electron temperature in the EA seems to be also located nearest to Sgr A * on the Keplerian orbit.
The electron temperatures estimated in the WA are in the range of T * e = (3.7 − 8.3) × 10 3 K. The electron temperatures in the southern half of the WA may be higher than those in the northern half, and the tendency is different from those seen in the NA and EA. However, note that the highest value in the southernmost part of the WA has the largest uncertainty because the line intensity at the position is very weak as shown in Figure 10 .
The electron temperatures at the west and east ends of the Bar are estimated to be T * e = 7.3 × 10 3 and 7.6 × 10 3 K, respectively. At the east end of the Bar, the spectrum contaminates with the component which belongs to the EA. Because the electron temperature in the EA is as low as T * e ∼ 6 × 10 3 K as mentioned above, the estimated electron temperature should be fairly lower than the true electron temperatures of the Bar.
Electron Density
The electron density, n e , in the sub-structures of the GCMS is estimated from the continuum brightness temperature, T B = 1.22 × 10 6 θ maj ×θ min arcsec 2 −1 ν −2 S cont , and the electron temperature, T * e , shown in figure 10 and the path length of the ionized gas, L, assuming that the continuum emission is optically thin. The well-known formula of the electron density is given by
(2) (Altenhoff et al. 1960) . We also assumed here that the L is equal to the observed width of the boundary (see Figures 1 and 2) and n e is constant over the path.
The derived electron densities are also shown in figure 10 (numbers in red) . Although these elec-tron densities are somewhat lower than those toward IRS sources in previous observations , these are consistent with typical values in the HII regions in the Galaxy. The typical uncertainty is estimated to be as large as 30% of the derived value. These electron densities are also summarized in Table 1 .
The electron density in the NA appears to increase from n e = 7 × 10 3 cm −3 to n e = 13 × 10 3 cm −3
with approaching Sgr A * . Although a similar tendency is probably seen in the EA, it is not clear in the WA. As mentioned previously, the electron temperature also increases with approaching Sgr A * .
Then the thermal pressure, n e kT e , of the ionized gas in the inner region of the NA becomes three times or more larger than those in the outer region. If there is no confinement by any external pressure as discussed previously, we cannot explain that the electron density and temperature increase without the lateral expansion of the gas streamers.
Protostar Candidates in the Galactic Center Mini-spiral
A mm-wave continuum observation with JVLA found several compact components near Sgr A * , which have ionized half-shell-like structures facing Sgr A * . These components could be protostar candidates with low mass; their surfaces facing Sgr A * are rapidly photoevaporated by strong Lyman continuum emitting from the Central Cluster around Sgr A * (Yusef-Zadeh et al. 2015) . However, the physical relation between these candidates of low-mass protostar and the ionized gas streamers of the GCMS has not been clarified yet.
The upper panel in Figure 11 shows an integrated intensity map for the EA and NEA in the H42α recombination line from V LSR = +130 to +150 km s −1 (see also Figure 1 ). The NEA component seen in the H42α recombination line is located at the southwestern tip of the NEA traced by the 100 GHz continuum. Moreover, the component seems to be accompanied by a faint component seen in the CS emission line (Tsuboi et al. 2017 ). of the "Galactic Center Mini-spiral" at 100 GHz (Tsuboi et al. 2016) . 3 The typical uncertainty is estimated to be as large as 15% of the derived value. 4 The typical uncertainty is estimated to be as large as 30% of the derived value. The lower panel in Figure 11 shows the comparison between the ionized gas streamer and the As mentioned in Introduction, the tidal force of Sgr A and the strong Lyman continuum radiation from the Central cluster must suppress the star-formation activity near Sgr A * . The positional correlation in Figure 11 suggests that the protostar candidates had formed in the NEA when it was located in the outer region and they were brought to near Sgr A * according as the streamer fell. If a star-forming molecular cloud fall from an outer region and supplies young stars to the vicinity of Sgr A , the obstacles to the star-formation activity near Sgr A * should be overcome.
SUMMARY
We have performed the observation of the GCMS in the H42α recombination line as a part of the first large-scale mosaic observation in the Sgr A complex using the Atacama Millimeter/sub-millimeter Array (ALMA). We found that the ionized gas streamers of the NA and EA in their outer regions somewhat deviate from the Keplerian orbits which were derived previously from the trajectories in the inner regions. In addition, we found that the ionized gas streamer corresponding to the Bar has an independent Keplerian orbit with an eccentricity of e ∼ 0.8. The periastron is probably located within the Bondi accretion radius of Sgr A * . We estimated the electron temperature and electron density in the ionized gas streamers. The electron temperatures are in the range of T * e = (4−14)×10 3 K. We confirmed the previously claimed tendency that the electron temperatures increase toward Sgr A * . We found that the electron density in the NA and EA also increases with approaching Sgr A* without the lateral expansion of the streamers. This suggests that there is some external pressure around the GCMS. If the pressure is caused by the ambient ionized gas, the ambient gas may affect the orbits of the ionized gas streamers by Ram pressure. There is a good positional correlation between the protostar candidates detected by JVLA at 34 GHz and the ionized gas streamer NEA found in the north of the EA by the H42α recombination line observation. This suggests that the protostar candidates had already formed in the streamer and they were brought to near Sgr A * according as the streamer fell.
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APPENDIX; POSITION-VELOCITY DIAGRAM OF KEPLERIAN ORBITS WITH HIGH ECCENTRICITY
As well known, the position of a test particle on a Keplerian elliptical orbit around a heavy mass, M , is shown by x = a(cos u − e), y = a √ 1 − e 2 sin u, where a, e, and u are the semi-major axis, the eccentricity, and the eccentric anomaly, respectively.
On the other hand, the orbital velocity components of the test particle are given by
where n is the mean motion, n = GM a 3 . If u is used as a parameter, the relations between x and V y and between y and V x are easily given. When the orbit is observed from a very far place, the relation is called the position-velocity diagram of the orbit. The direction of the line-of-sight is shown by position angle, P A, which is the angle between the line-of-sight and the major axis of the orbit.
Then the position-velocity diagram is given by the following equations; P = −x(0) sin P A + y(0) cos P A, V = V x (0) cos P A + V y (0) sin P A. angles of the line-of-sight. In the calculation, we assumed that na = 1. The relation between the line-of-sight (arrow) and the elliptical orbit is shown in the lower-left corner of each panel.
